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Description

[0001] This invention was made with government sup-
port under contract OE-0000232 awarded by the U.S.
Department of Energy. The government has certain
rights in the invention.

TECHNICAL FIELD

[0002] This description generally relates to energy
storage, and particularly to the assembly, transportation
and installation of a flywheel.

BACKGROUND
DESCRIPTION OF THE RELATED ART

[0003] Many energy sources, particularly clean energy
sources such as wind turbines and solar panels, generate
energy that does not temporally match the load experi-
enced. In much of the developed world, energy genera-
tion follows experienced load, such that energy is pro-
vided as needed. Under circumstances ofhigh load, tech-
niques such as the use of peaker generators and auto-
matic generation control (AGC) on thermal generators
allow for generation that matches high and variable load.
However, despite the availability of such techniques,
there are often instances where energy storage is impor-
tant for meeting energy load.

[0004] Currently existing energy storage systems all
have drawbacks of one form of another. Size, price, stor-
age efficiency, efficacy, and safety are all concerns when
designing an energy storage system. Generally, smaller
size, lower price, reduced loss in both inputting energy
for storage and extracting it for distribution, reduced loss-
es for continuous operation, and safe disposal are all
preferred characteristics of energy storage systems.
[0005] A flywheel mechanism that incorporates a rotor
is one type of energy storage system that stores energy
as rotational kinetic energy. A flywheel rotor is a weight-
ed, rotationally symmetric mass that spins while physi-
cally coupled, directly or indirectly, to a motor/alternator
that itself is electrically coupled to a converter, such as
a back-to-back inverter system, constituting an AC-AC
conversion subsystem. When power is received for stor-
age, the rotor is driven increasing the rotational speed of
the flywheel rotor. When power is to be extracted, the
flywheel rotor drives the motor/alternator. The faster a
flywheel rotor can spin, the more energy it can store. The
amount of energy that can be stored in a flywheel rotor
depends on a combination of the rotor’s mass, strength
properties, cyclic fatigue properties, and shape among
other factors. Generally, a flywheel’s bearing and sus-
pension subsystem is designed to minimized energy
losses due to friction, heat, and other loss sources.
[0006] Modern flywheel systems are heavy, complex
machines that include several delicate and carefully
aligned components. Assembling, transporting, and/or
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installing a flywheel systemis a nontrivial task. Generally,
the flywheel system may be assembled at the installation
site, or assembled in a factory and then transported to
the installation site.

[0007] If the flywheel system is assembled at the in-
stallation site, the equipment and expertise necessary
for assembling the flywheel system would need to be
transported to the installation site. This can be cost and
space prohibitive. If the flywheel system is assembled in
a factory, the assembled flywheel system would need to
be transported to the installation site. Transportation of
an assembled flywheel system poses risks to the assem-
bled system as the internal components of a flywheel
system may move around during transport. For instance,
the flywheel rotor may shake and hit other components,
damaging the rotor or the other components. In addition,
motion of the rotor may cause the load experienced by
the rotor’s bearings to be larger than weight of the rotor.
This may potentially damage the bearings.

[0008] US 2005/061920 A1 describes that an energy
storage flywheel system includes a flywheel assembly
that is rotationally mounted in a housing assembly, and
one or more actuator assemblies. The actuator assem-
blies are configured to selectively engage and disengage
the flywheel assembly. When the actuator assemblies
engage the flywheel assembly, the actuator assemblies
provide support for, and inhibit rotation of, the flywheel
assembly.

[0009] DE 27 54 623 A1 describes that a flywheel is
coupled on both sides via an intermediate component to
a stub shaft, the component having an annular portion
by which it is secured to the flywheel. The component is
a half-open cylindrical or conical body, its open end with
the largest diameter being secured to the flywheel, while
the other end has a stub shaft. The component has a
shape and material where it is fixed to the flywheel to
give it a radial stiffness.

[0010] US 6029538 Adescribes areplaceable bearing
cartridge assembly for use in a flywheel energy system
and methods and apparatus for installing and removing
the assembly. The assembly includes a hollow bearing
cartridge, an annular bearing, and an annular bearing
retaining ring. The cartridge has an outer surface which
is mounted at a port of a flywheel housing end plate. The
annular bearing is mounted in the cartridge and held in
place by the annular bearing retaining ring.

[0011] US 2015/008778 A1 describes that a flywheel
energy storage system incorporates various embodi-
ments in design and processing to achieve a very high
ratio of energy stored per unit cost. The system uses a
high-strength steel rotor rotating in a vacuum envelope.
The rotor has a geometry thatensures high yield strength
throughout its cross-section using various low-cost
quenched and tempered alloy steels.

[0012] US 2014/055905 A1 describes an apparatus
and method for unloading a rotor bearing. The apparatus
includes an electromagnet for levitating the rotor.
[0013] US 6 664 680 B1 describes a flywheel energy
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storage system having magnetic bearings that are pref-
erably homopolar, that is, the magnetic fields do not al-
ternate polarity around a given circumferential location.
Thus, itis with respect to these considerations and others
that the present invention has been made.

[0014] US 6 710 489 B1 discloses a flywheel with se-
curing posts and a lifting mechanism that keep the fly-
wheel secured during transportation and installation.

SUMMARY

[0015] A flywheel device according to claim 1 includes
a flywheel rotor for storing energy, as well as additional
structures allowing the flywheel to be assembled offsite,
transported safely, and installed with relatively few steps.
The flywheel includes a rotor for storing energy, where
the rotor includes a primary rotational mass and journals
extending along a center axis of the rotor. The flywheel
also includes a housing enclosing the rotor, where the
housing includes a bottom plate, a top plate and side
walls. The bottom plate and the top plate each include a
hole aligned with the center axis of the rotor. The flywheel
additionally includes multiple bearing housings substan-
tially filling the holes of the bottom plate and the top plate
that are aligned to the center axis of the rotor. The fly-
wheel also includes multiple posts that are capable of
physically contacting the primary rotational mass of the
rotor to prevent motion of the rotor during transport of the
flywheel assembly. Some or all of these posts may be
repositioned or removed during installation so that the
rotor can spin freely.

[0016] In the present disclosure are also included
methods for assembling and installing the flywheel before
and after transportation as described herein.

In certain embodiments, the flywheel includes an upper
bearing assembly that enables an upper bearing to sup-
port downward thrust. The upper bearing assembly in-
cludes atop bearing, a bearing housing, abearing locking
cap, a backup thrust bearing, and a cap. The backup
thrust bearing receives an upward thrust load in the case
of an unusual vertical movement.

BRIEF DESCRIPTION OF DRAWINGS

[0017] Thedisclosed embodiments have other advan-
tages and features which will be more readily apparent
from the detailed description, the appended claims, and
the accompanying figures (or drawings). A brief introduc-
tion of the figures is below.

Figure (FIG.) 1 is a block diagram of a flywheel en-
ergy storage system according to one embodiment.
FIG. 2A is a cross sectional view of a flywheel in its
operational state, according to one embodiment.
FIG. 2B is a cross sectional view of a flywheel during
transport, according to one embodiment.

FIG. 3 is an exemplary process for assembling and
installing a flywheel, according to one embodiment.
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FIGS. 4A through 4D are cross sectional views of
the flywheel at different stages of the assembly and
installation process, according to one embodiment.
FIG. 5 is an exemplary process for installing a fly-
wheel, according to one embodiment.

FIGS. 6A through 6B are cross sectional views of
the flywheel at different stages of the installation
process, according to one embodiment.

FIG. 7 is a simplified cross sectional view of an em-
bodiment of an upper bearing assembly, referred to
as a flipped-bearing design.

The figures depict embodiments of the present invention
for purposes of illustration only. One skilled in the art will
readily recognize from the following discussion that al-
ternative embodiments of the structures and methods
illustrated herein may be employed without departing
from the scope defined in the independent claim.

DETAILED DESCRIPTION
Flywheel Energy Storage System

[0018] Figure (FIG.) 1 is a block diagram of a flywheel
energy storage system 100, also referred to as flywheel
system 100, according to one embodiment. Flywheel
system 100 includes a flywheel mechanism or device
130 or simply flywheel 130, which includes a rotor and a
housing as discussed hereinbelow, a motor/alternator
140, a power converter 120, and a power line 150, which
may be AC or DC. For example, power line 150 may be
a conventional three-phase 60 Hz AC line. In certain em-
bodiments, power converter 120 converts the input alter-
nating current into an alternating current acceptable to
the motor/alternator 140. Alternatively, in other embodi-
ments, converter 120 converts the alternating current
from the motor/alternator 140 into a direct current output.
Motor/alternator 140 converts between electrical and
mechanical energy, so that energy can be stored in or
drawn from the flywheel 130. Motor/alternator 140 cou-
ples to flywheel 130 either directly, for example using a
shaft, or indirectly, for example using a stub shaft that
connects to a bearing. The motor/alternator 140 is cou-
pled to the remainder of flywheel system 100 via wires
or other electrical couplings. Generally, although only
one of each component is shown, in practice flywheel
system 100 may include multiples of each individual com-
ponent. Flywheel Structure

[0019] FIG. 2A is a cross sectional view of a flywheel
130 in its operational state, according to one embodi-
ment. That is, flywheel 130 of FIG. 2A is shown after the
assembly and installation process has been completed.
[0020] Flywheel 130includesarotor205inside ahous-
ing 201. Housing 201 includes a bottom plate 221, a top
plate 223 and side walls 225. Housing 201 is generally
shaped to house rotor 205, providing sufficient internal
volume to allow rotor 205 to rotate freely. Housing 201
may be cylindrical in shape, though other shapes are
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possible. Top plate 223 and bottom plate 221 each in-
clude at least one hole that is aligned with the central
rotational axis 230. Each of the holes aligned with central
rotational axis 230 is substantially filled by a bearing
housing. Alower bearing housing 209 houses lower bear-
ing 207 and an upper bearing housing 217 houses upper
bearing 215. An upper bearing assembly 220 refers to
upper bearing housing 217 together with upper bearing
215. An alternative embodiment of an upper bearing as-
sembly is described hereinbelow with reference to FIG. 7.
[0021] Rotor 205 is used for storing energy as kinetic
energy. Rotor 205 is substantially rotationally symmetric
around a central rotational axis 230. The shape of the
primary rotational mass of the rotor helps ensure a nearly
uniform distribution of stress due to rotational forces ex-
erted on the rotor while it is rotating. Rotor 205 is coupled
to two stub shafts, a lower stub shaft 227 and an upper
stub shaft 229, which couple the rotor to bearings that
support the rotor, while allowing for unconstrained rota-
tion about the central axis. The electromagnetic rotor of
a motor/alternator may also be installed on one, or both,
of the stub shafts. The purpose of the motor/alternator is
to transfer energy between rotor 205 and the electrical
domain.. As used herein, the term stub shaft refers to a
relatively short shaft that couples to one side of rotor 205.
While the embodiment illustrated in FIGS. 2A-2B em-
ploys two stub-shafts, in other embodiments a single stub
shaft, or two stub shafts may be used. Stub shafts 227
and 229 couple to rotor 205 via journals that extend along
the center rotational axis of the rotor.

[0022] Rotor 205 is held in place within the housing
201 by a lower bearing 207 and an upper bearing 215.
Bearings 207, 215 also allow rotor 205 to spin freely with
as little friction as possible. For instance, rolling ball bear-
ings may be used. In this case, the bearing includes an
outer ring (or race) that is physically attached to the fly-
wheel housing 201, an inner ring (or race) that is physi-
cally attached to the shaft coupled to the rotor, and mul-
tiple rolling elements, such as balls, that allow the inner
ring to spin relative to the outer ring with a low coefficient
of friction. The bearings are confined within their respec-
tive bearing housing, and the shafts are confined within
the inner race of the bearings.

[0023] To reduce the amount of friction experienced
by rotor 205, flywheel system 130 includes an offloader
213 that offloads some or all of the weight of the rotor
205. Consequently, offloader 213 reduces the load of the
bearing 207, and consequently reduces the friction mo-
ment of the bearing. As such, the energy loss by the rotor
due to the friction of the bearing is substantially reduced.
The offloader 213 reduces the weight the rotor bearing
207 has to support by generating a magnetic field that
attracts or repulses the rotor 205, depending upon the
implementation. The magnetic field may be generated
through circulation of an appropriately shaped current in
an electromagnet, for example. The magnetic force ex-
perienced by the rotor 205 depends in part on the dis-
tance between the electromagnet in offloader 213 and
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the rotor 205. Thus, it is advantageous to have only a
small distance between the electromagnet and the rotor
205. However, decreasing the distance between the of-
floader and the rotor increases the likelihood of the rotor
striking the offloader, particularly during transport.
[0024] Flywheel mechanism 130 may be assembled
prior to transport to an installation site. To prevent motion
of the rotor 205, damage to the bearings 207, 215, and
damage to the offloader 213, flywheel mechanism 130
includes one or more of posts 203, 219 that restrict the
motion of the rotor during transport. The posts further
allow offloader 213 and rotor 205 to be placed in very
close proximity without significant risk to damage to either
element. Further, due to the closer placement of the of-
floader 213, the electromagnet in the offloader 213 can
be smaller or more power efficient than it would be if it
were located further away, while still producing the same
effective magnetic field upon the rotor. For purposes of
this specification the term post refers to a structural ele-
ment that restricts movement of a rotor in one direction.
In certain embodiments, only bottom posts 203 are
present while in other embodiments both bottom 203 and
top 219 posts are present. In other embodiments, there
may be also be horizontal posts (not depicted) that are
anchored by sidewalls 225.

[0025] FIG.2Bis a cross sectional view of flywheel 130
during transport, according to one embodiment. As seen
in FIG. 2B, bottom posts 203 contact rotor 205, thus re-
stricting the downward motion of the rotor. Similarly, top
posts 219 contact rotor 205, thus restricting the upward
motion of the rotor. The posts and bearings together re-
strict the lateral motion of the rotor. As illustrated in FIG.
2B, bottom posts 203 are physically attached to (or a part
of) bottom plate 221 of the housing 201, and top posts
219 are removable (or at least adjustable) from the top
plate 223 through holes in the top plate (not separately
labeled). The posts may be made of any material, al-
though materials that are strong and light weight are pref-
erable. For example, the posts may be made of infer alia
aluminum, rubber, or plastic.

[0026] During installation of flywheel 130, top posts
219 are removed or raised up a distance, and rotor 205
is raised off of bottom posts 203 to allow rotor 205 to spin
freely. In one embodiment, a backing plug 211, which is
threadably attached to lower bearing housing 209, is
used to raise rotor 205.

Flywheel Assembly Process

[0027] FIG. 3 is a flow diagram of a process 300 for
assembling flywheel 130. FIGS. 4A through 4D illustrate
flywheel 130 at different stages of assembly.

[0028] Assembly process 300 starts with the bottom
plate 221 of the housing 201. At step 301, illustrated in
FIG. 4A, bottom posts 203 are attached to the bottom
plate 221. For instance, the bottom posts 203 are bolted
to the bottom plate 221. Alternatively, other techniques,
such as riveting, welding, or bonding may be used to
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physically attach the bottom posts 203 to the bottom plate
221. If the bottom posts 203 are movable, the bottom
posts 203 are threaded into a hole of the bottom plate 221.
[0029] At step 303, illustrated in FIG. 4B, rotor 205 is
placed on bottom posts 203. Given that the rotor may
have a weight between 2-5 tons, cranes or other large-
scale lifing mechanisms are generally used to move the
rotor onto the bottom posts. As the rotor is designed with
stress and storage capacity concerns in mind, generally
there are no explicit surface features on the rotor to en-
sure proper placement of the rotor relative to the posts.
However, the rotor’s general shape may be used to de-
termine placement of the posts within housing 201. For
example, if a cylindrical rotor has a curved shaped along
a polar axis, then the curvature of the rotor may be used
to place the posts at a location along the polar axis where
they are least likely to slip.

[0030] To further effect proper placement of the rotor,
once placed on the posts the rotor may be repositioned
using a coarse alignment process to properly align with
the posts.

[0031] In certain embodiments, as illustrated in FIG.
4B, rotor 205 may already be coupled to stub shafts 227
and 229 when the rotor is placed on the posts. In other
embodiments, coupling stub shafts 227 and 229 to rotor
205 is performed as part of step 303.

[0032] Atstep 305, illustratedin FIG. 4C, lower bearing
207, lower bearing housing 209 and backing plug 211
are physically attached to housing 201. Forinstance, low-
er bearing housing 209 is bolted to bottom plate 221.
Alternatively, other techniques, such as riveting, welding,
or bonding may be used to physically attach lower bear-
ing housing 209 to bottom plate 221. Lower bearing 207
is theninserted into lowerbearing housing 209, and back-
ing plug 211 is attached to lower bearing housing 209.
Lower bearing 207 is supported by backing plug 211 and
backing plug 211 is threadably attached to lower bearing
housing 209.

[0033] Atstep 307, illustrated in FIG. 4D, an upper as-
sembly 410, including upper bearing 215, upper bearing
housing 217, upper posts 219, electromagnetic offloader
213, top plate 223, and side walls 225 of housing 201, is
physically attached to the partially assembled flywheel
illustrated in FIG. 4C. It may be appreciated that rotor
205 is cylindrical and thus in certain embodiments hous-
ing 201 is cylindrical in shape. In such embodiments side
walls 225 may be a one-piece cylindrical shell. Generally
side walls 225 may be a single element or may be multiple
attached elements which together form the sides of fly-
wheel 130. To assemble the upper sub-assembly, the
upper bearing housing 217 is physically attached to the
top plate 223 and the upper bearing 215 is inserted into
the upper bearing housing 217. Further, the offloader 213
is physically attached to top plate 223, and the upper
posts 219 are threaded into the top plate 223. Once the
upper sub-assembly has been put together, the side
walls 225 are physically attached to the bottom plate 221
and the top plate 223 is physically attached to the side
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walls 225.

[0034] Different physical couplings may be used to at-
tach the bottom plate 221, the side walls 225 and the top
plate 223 of the housing 201. The bottom plate 221, side
walls 225 and top plate 223 may be attached together
using screws and/or rivets, welds, or any other known
mechanism for physical attachment.

[0035] To securely hold the rotor 205 in place during
transport, the upper posts 219 are lowered into physical
contactwith the rotor. To secure the rotor, the upper posts
may be pressed against the rotor, for example by tight-
ening screws under an applied torque.

Flywheel Installation Process

[0036] FIG. 5 is a flow diagram of a process 500 for
installing flywheel 130 once it arrives at an installation
site. Essentially, these are the steps that are performed
to put flywheel 130 into operation. FIGS. 6A-6B illustrate
certain steps of process 500 for installing flywheel 130.
[0037] Atstep 501, illustratedin FIG. 6A, top posts 210
are raised off rotor 205 so that they are no longer in phys-
ical contact with the rotor 205.

[0038] In one embodiment, shown in step 503 and il-
lustrated in FIG. 6B, rotor 205 is then raised off of bottom
posts 203 by raising backing plug 211. For example, if
backing plug 211 is attached using threads, threading
the backing plug into the lower bearing housing 209 will
raise the lower bearings 207, thereby raising the rotor
205. The physical distance between the rotor 205 and
top 219 and bottom 203 posts after these processes are
completed may vary by implementation.

[0039] At step 503, electromagnetic offloader 213 is
then activated to de-weight the bearings. Additionally, if
the housing is capable of holding a vacuum, the vacuum
may be created by activation of associated vacuum ma-
chinery (not shown).

Flipped-Bearing Design

[0040] FIG. 7 is a simplified cross-sectional view of an
embodiment of an upper bearing assembly 700, referred
to as a flipped-bearing design. Upper bearing assembly
700 differs from upper bearing assembly 220 described
with reference to FIG. 2A in that a top bearing 701 sup-
ports downward thrust load, as does the lower bearing,
rather than upward thrust load thrust. While top bearing
701 may be the same bearing as top bearing 215 of FIG.
2A, it is supported differently due to the unique flipped-
bearing design. As previously noted flywheel 130 may
include an upper bearing assembly such as upper bear-
ing assembly 220, upper bearing assembly 700 with a
flipped-bearing design or an upper bearing assembly of
a different design without departing from the scope de-
fined in the independent claim.

[0041] Upperbearing assembly 700 includes top bear-
ing 701, a bearing housing 703, a bearing locking cap
705, a backup thrust bearing 707, and a cap 709.
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[0042] Bearinglocking cap 705 fits and holds top bear-
ing 701 onto ashaft or stub shaft 711. In this embodiment,
bearing housing 703 supports top bearing 701 from be-
low.

[0043] Abackup thrustbearing 707 is situated between
bearing locking cap 705 and cap 709. This is referred to
as a backup bearing since in normal operation it does
not spin. Backup thrust bearing 707 absorbs or diffuses
upwards vertical thrust from stub shaft 711 that might
otherwise resultin damage or containmentissues by con-
verting the upwards thrust into rotational energy. Such
an unusual vertical movement might occur, for example,
due to an accident during transportation or as a result of
a seismic event. While during transportation the rotor is
not rotating, if a seismic event or other event occurs dur-
ing operation of the flywheel then rotor 205 will most likely
be spinning; thus a backup bearing rather than simply a
bushing material is advantageous to absorb or diffuse
the large rotational energy of the rotor. If the spinning
rotor were to contact a static bushing made of conven-
tional engineering plastic or metal, the resulting friction
that would likely melt the bushing, even if the contact was
only momentary.

[0044] A wide variety of embodiments may feature the
flipped-bearing design. In certain embodiments, top
bearing 701 as well as bottom bearing 207 in flywheel
130 are angular contact ball bearings that provide high
thrust capacity in one direction. Typically angular contact
ball bearings have raceways in the inner and outer rings
that are displaced relative to each other in the direction
of the bearing axis. This means that they are designed
to accommodate simultaneous radial and axial loads. In
such embodiments, the top bearing 701 and the bottom
bearing are mounted so as to provide high thrust capacity
in the downward direction. In flywheel embodiments that
don’t use the flipped-bearing design, top bearing 701
supports thrustinthe upward direction while bottom bear-
ing 207 supports downward thrust, i.e. they are flipped
with respect to each other.

[0045] Flywheel embodiments that incorporate the
flipped-bearing design offer a number of advantages rel-
ative to the simpler design described with reference to
FIGS. 2A-2B. Since both bearings face downward, i.e.
in the same direction, in the flipped design, it is possible,
through the use of springs supporting the lower bearing,
to allow for all differential rotor-housing axial dimension
growth to be accommodated at the lower bearing seat.
As such, the dimension of the magnetic gap at the of-
floader is nearly invariant under differential dimensional
changes between housing and rotor. Loading on the up-
per bearing is set and controlled by the magnetic offload-
ing control system. Since loading on the lower bearing
can be fully controlled by an axial preload spring, it is
straightforward to ensure that the lower bearing will have
excellent fatigue life under all operating conditions. So
even if the flywheel requires its bearings to be serviced
that service will only involve top bearing 701 which can
be accessed from the top without having to disconnect
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and remove the flywheel.

[0046] The flipped-bearing design also reduces the re-
quired offloader lifting force. For example, if, top bearing
assembly 220 the offloader had to apply rotor weight
+1000 Ib, using the flipped-bearing design it applies rotor
weight-1000 Ib. This makes control of the electromagnet
in offloader 213 easier and potentially reduces its power
consumption and size.

[0047] Damage to the bearings due to unusual move-
ments will be more likely to impact or damage the rela-
tively cheaper, easier toreplace backup bearing 707 rath-
er than the relatively more expensive main bearings, i.e.
top bearing 701 and the bottom bearing. Additional Con-
figuration Considerations

[0048] Upon reading this disclosure, those of skill in
the art will appreciate still additional alternative structural
and functional designs through the disclosed principles
herein. Thus, while particular embodiments and applica-
tions have been illustrated and described, it is to be un-
derstood that the disclosed embodiments are not limited
to the precise construction and components disclosed
herein. Various modifications, changes and variations,
which will be apparent to those skilled in the art, may be
made in the arrangement, operation and details of the
method and apparatus disclosed herein without depart-
ing from the scope defined in the independent claim.

Claims
1. A flywheel device (100), comprising:

a rotor (205) for storing energy, the rotor com-
prising a primary rotational mass having a top
surface and a bottom surface;

a shaft coupled to the rotor (205), the primary
rotational mass of the rotor (205) configured to
rotate around a central axis (230) of the shaft;
a housing (201) enclosing the rotor (205), the
housing including a top plate (223), a bottom
plate (221), and side walls (225), the housing
(201) defining a hole aligned with the central axis
(230) of the shaft;

a bearing housing (209) substantially filling the
hole aligned with the center axis (230) of the
rotor (205), the bearing housing (209) including
a bearing coupled to the shaft;

a plurality of bottom posts (203) configured to
physically contact the bottom surface of the pri-
mary rotational mass of the rotor (205) during
transport of the flywheel assembly to prevent
motion of the rotor (205) during transport of the
flywheel assembly, the plurality of posts (203)
fixedly attached to the housing (201); and

a liftng mechanism, attached to the bearing
housing (209), configured to lift the bearing
housing (209) during installation, from a trans-
port position at which the rotor (205) rests on
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the plurality of bottom posts (203), such that the
rotor (205) is lifted off the plurality of bottom
posts (203) enabling the primary rotational mass
to rotate around the central axis (230).

The flywheel device (100) of claim 1, wherein the
primary rotational mass extends outward along a po-
lar axis away from the center rotational axis (230).

The flywheel device (100) of claim 1, wherein the
shaft coupled to the rotor (205) is a stub shaft (227,
229, 711), and wherein the rotor has a journal that
couples to the stub shaft (227, 229, 711).

The flywheel device (100) of claim 1, further com-
prising atleast one top post (219) configured to phys-
ically contact the top surface of the rotor (205) during
transport of the flywheel assembly to prevent motion
of the rotor (205) during transport of the flywheel as-
sembly, wherein the at least one top post (219) is
further configured to be raised up or removed during
installation to enable the primary rotational mass to
rotate around the central axis (230).

The flywheel device (100) of claim 1, wherein the
plurality of bottom posts (203) are attached to the
bottom plate (221).

The flywheel device (100) of claim 1, wherein the
lifting mechanism comprises a backing plug (211).

The flywheel device (100) of claim 1, wherein the
housing (201) is hermetically sealed to allow a vac-
uum to be created inside the housing (201).

The flywheel device (100) of claim 1, wherein the
rotor (205) is made of a ferromagnetic material and
further comprising:

a magnetic offloader (213) attached to the one of the
plates, which produces an electromagnetic field that
reduces a load of the rotor (205) on the bearing.

The flywheel device (100) of claim 8, wherein pref-
erably the magnetic offloader is attached to the top
plate (223) of the housing (201).

The flywheel device (100) of claim 1, wherein the
bearing housing (209) is a bottom bearing housing
(209) disposed below the rotor (205).

The flywheel device (100) of claim 10, further com-
prising an upper bearing assembly (700), wherein
the upper bearing assembly comprises:

an upper bearing housing (217, 703) that sub-
stantially fills a hole in the top plate (223) that
aligns with the central vertical axis (230) of the
rotor (205);
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12.

13.

14.

atop bearing (701) that couples with a top shaft,
the top shaft coupled with the rotor (205); and
a bearing locking cap (705) above the top bear-
ing (701) that holds the top bearing onto the top
shaft and which rests on the top bearing (701),
thus exerting a downward thrust load onto the
top bearing (701) during operation of the fly-
wheel.

The flywheel device (100) of claim 11, wherein the
top bearing is an angular contact bearing and is con-
figured to oppose a force exerted in a downward di-
rection.

The flywheel device (100) of claim 11, wherein the
upper bearing assembly (700) further comprises:

abackup thrustbearing (707), above the bearing
locking cap (705) for absorbing an upward thrust
load in the case of an unusual vertical move-
ment; and

a cap (709), above the backup thrust bearing
(707), that seals the top of the upper bearing
assembly (700).

The flywheel device (100) of claim 1, wherein the
lifting mechanism is threadably attached to the bear-
ing housing (209).

Patentanspriiche

1.

Eine Schwungradvorrichtung (100), umfassend:

einen Rotor (205) zum Speichern von Energie,
der Rotor beinhaltend eine primare Rotations-
masse, die eine Oberseite und eine Unterseite
aufweist;

eine Welle, die mit dem Rotor (205) gekoppelt
ist, wobei die primare Rotationsmasse des Ro-
tors (205) konfiguriert ist, um um eine zentrale
Achse (230) der Welle zu rotieren;

ein Gehause (201), das den Rotor (205) um-
schlieRt, das Geh&ause beinhaltend eine obere
Platte (223), eine untere Platte (221), und Sei-
tenwande (225), das Gehause (201) umgren-
zend ein Loch, das an der zentralen Achse (230)
der Welle ausgerichtet ist;

ein Lagergehause (209), das im Wesentlichen
das Loch, das an der zentralen Achse (230) der
Welle ausgerichtetist, ausfillt, das Lagergehau-
se (209) beinhaltend ein Lager, das mitder Wel-
le gekoppelt ist;

eine Vielzahl von unteren Pfosten (203), die kon-
figuriert sind, um die Unterseite der primaren
Rotationsmasse des Rotors (205) wahrend des
Transports der Schwungradanordnung zu be-
rihren, wobei die Vielzahl von Pfosten (203) fest
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mit dem Gehause (201) verbunden sind; und

ein Hebemechanismus, verbunden mit dem La-
gergehause (209), konfiguriert, um das Lager-
gehause (209) wahrend der Installation, von ei-
ner Transportposition, in der der Rotor (205) auf
der Vielzahl von unteren Pfosten (203) ruht, an-
zuheben, so dass der Rotor (205) von der Viel-
zahl von unteren Pfosten (203), eine Rotation
der primaren Rotationsmasse um die zentrale
Achse (230) ermdglichend, angehoben wird.

Die Schwungradvorrichtung (100) gemaR Anspruch
1, wobei sich die primare Rotationsmasse entlang
einer Polarachse von der zentralen Rotationsachse
(230) weg erstreckt.

Die Schwungradvorrichtung (100) gemaR Anspruch
1,wobeidie Welle, die mitdem Rotor (205) gekoppelt
ist, ein Wellenstumpf (227, 229, 711) ist, und wobei
der Rotor einen Zapfen, der an den Wellenstumpf
(227, 229, 711) koppelt, aufweist.

Die Schwungradvorrichtung (100) gemaR Anspruch
1, weiterhin umfassend mindestens einen oberen
Pfosten (219), der konfiguriert ist, die Oberseite des
Rotors (205) wahrend des Transports der Schwung-
radvorrichtung physisch zu beriihren, um eine Be-
wegung des Rotors (205) wahrend des Transports
der Schwungradanordnung zu verhindern, wobei
der mindestens eine obere Pfosten (219) weiterhin
konfiguriert ist, um wahrend der Installation angeho-
ben oder entfernt zu werden, um zu ermdglichen,
dass die primare Rotationsmasse um die zentrale
Achse (230) rotiert.

Die Schwungradvorrichtung (100) gemaR Anspruch
1, wobei die Vielzahl von unteren Pfosten (203) mit
der unteren Platte (221) verbunden sind.

Die Schwungradvorrichtung (100) gemaR Anspruch
1, wobei der Hebemechanismus einen Stlitzzapfen
(221) beinhaltet.

Die Schwungradvorrichtung (100) gemaR Anspruch
1, wobei das Gehéause (201) hermetisch verschlos-
sen ist, um zu ermdglichen, ein Vakuum innerhalb
des Gehauses (201) zu erzeugen.

Die Schwungradvorrichtung (100) gemaR Anspruch
1, wobei der Rotor (205) aus einem ferromagneti-
schem Material besteht und weiterhin umfassend:
einen mit einer der Platten verbundenen magneti-
schen Entlaster (213), der ein elektromagnetisches
Feld, das eine Last des Rotors (205) auf das Lager
reduziert, erzeugt.

Die Schwungradvorrichtung (100) gemaR Anspruch
8, wobei vorzugsweise der magnetische Entlaster
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10.

1.

12.

13.

14.

mit der oberen Platte (223) des Gehauses (201) ver-
bunden ist.

Die Schwungradvorrichtung (100) gemaf Anspruch
1, wobei das Lagergehause (209) ein unteres La-
gergehause (209), das unter dem Rotor (205) ange-
ordnet ist, ist.

Die Schwungradvorrichtung (100) gemaf Anspruch
10, weiterhin umfassend eine obere Lageranord-
nung (700), wobei die obere Lageranordnung um-
fasst:

ein oberes Lagergehause (217, 703), das im
Wesentlichen ein Loch in der oberen Platte
(223), das an der zentralen Vertikalachse (230)
des Rotors (205) ausgerichtet ist, ausfllt;

ein oberes Lager (701), das an eine obere Welle
koppelt, die obere Welle gekoppelt mit dem Ro-
tor (205); und

eine Lagerverschlusskappe (705) uber dem
oberen Lager (701), die das obere Lager auf der
oberen Welle halt und die auf dem oberen Lager
ruht (701), somit einen abwarts gerichteten Axi-
aldruck auf das obere Lager (701) wahrend des
Betriebs des Schwungrads ausiibend.

Die Schwungradvorrichtung (100) gemaf Anspruch
11, wobei das obere Lager ein Schraglager ist und
konfiguriert ist, um einer abwarts gerichteten Kraft
entgegen zu wirken.

Die Schwungradvorrichtung (100) gemaf Anspruch
11, wobei die obere Lageranordnung (700) weiterhin
umfasst:

ein Sicherungsaxiallager (707), Gber der Lager-
verschlusskappe (705) zum Absorbieren eines
aufwarts gerichteten Axialdrucks im Fall einer
ungewohnlichen vertikalen Bewegung; und
eine Kappe (709), Uber dem Sicherungsaxialla-
ger (707), die das obere Ende der oberen La-
geranordnung (700) verschlief3t.

Die Schwungradvorrichtung (100) gemaf Anspruch
1, wobei der Hebemechanismus schraubbar mit
dem Lagergehause (209) verbunden ist.

Revendications

1.

Dispositif de volant d’inertie (100), comprenant :

un rotor (205) pour stocker de I'énergie, le rotor
comprenant une masse de rotation primaire
ayant une surface supérieure et une surface
inférieure ;

un arbre couplé au rotor (205), la masse de ro-
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tation primaire du rotor (205) étant configurée
pour tourner autour d’'un axe central (230) de
'arbre ;

un logement (201) enfermant le rotor (205), le
logement comprenant une plaque supérieure
(223), une plaque inférieure (221) et des parois
latérales (225), le logement (201) définissant un
trou aligné avec I'axe central (230) de l'arbre ;
un logement de palier (209) remplissant sensi-
blement le trou aligné avec I'axe central (230)
du rotor (205), le logement de palier (209) com-
prenant un palier couplé a l'arbre ;

une pluralité de montants inférieurs (203) con-
figurés pour entrer en contact physique avec la
surface inférieure de la masse de rotation pri-
maire du rotor (205) pendant le transport de I'en-
semble de volant d’inertie pour empécher le
mouvement du rotor (205) pendant le transport
de I'ensemble de volant d’inertie, la pluralité de
montants (203) étant attachés de maniére fixe
au logement (201) ; et

un mécanisme de levage, fixé au logement de
palier (209), configuré pour soulever le loge-
mentde palier (209) pendant l'installation, a par-
tir d’'une position de transport dans laquelle le
rotor (205) repose sur la pluralité de montants
inférieurs (203), de sorte que le rotor (205) est
soulevé de la pluralité de montants inférieurs
(203), permettant a la masse de rotation primai-
re de tourner autour de I'axe central (230).

Dispositif de volant d’inertie (100) selon la revendi-
cation 1, dans lequel la masse de rotation primaire
s’étend vers I'extérieur le long d’'un axe polaire s’éloi-
gnant de I'axe de rotation central (230).

Dispositif de volant d’inertie (100) selon la revendi-
cation 1, dans lequel I'arbre couplé au rotor (205)
est un bout d’arbre (227, 229, 711), et dans lequel
le rotor a un tourillon qui s’accouple au bout d’arbre
(227, 229, 711).

Dispositif de volant d’inertie (100) selon la revendi-
cation 1, comprenant en outre au moins un montant
supérieur (219) configuré pour entrer en contact phy-
sique avec la surface supérieure du rotor (205) pen-
dant le transport de I'ensemble de volant d’inertie
afin d’empécher le mouvement du rotor (205) pen-
dant le transport de I'ensemble de volant d’inertie,
dans lequel ledit au moins un montant supérieur
(219) est en outre configuré pour étre soulevé ou
retiré pendant linstallation afin de permettre a la
masse de rotation primaire de tourner autour de I'axe
central (230).

Dispositif de volant d’inertie (100) selon la revendi-
cation 1, dans lequel la pluralité de montants infé-
rieurs (203) sont fixés a la plaque inférieure (221).
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13.

Dispositif de volant d’inertie (100) selon la revendi-
cation 1, dans lequel le mécanisme de levage com-
prend un bouchon de support (211).

Dispositif de volant d’inertie (100) selon la revendi-
cation 1, dans lequel le logement (201) est herméti-
quement fermé pour permettre la création d’'un vide
a l'intérieur du logement (201).

Dispositif de volant d’inertie (100) selon la revendi-
cation 1, dans lequel le rotor (205) est fabriqué en
un matériau ferromagnétique et comprenant en
outre :

un déchargeur magnétique (213) fixé a ladite une
des plaques, qui produit un champ électromagnéti-
que quiréduit une charge du rotor (205) sur le palier.

Dispositif de volant d’inertie (100) selon la revendi-
cation 8, dans lequel de préférence le déchargeur
magnétique est fixé a la plaque supérieure (223) du
logement (201) .

Dispositif de volant d’inertie (100) selon la revendi-
cation 1, dans lequel le logement de palier (209) est
un logement de palier inférieur (209) disposé sous
le rotor (205) .

Dispositif de volant d’inertie (100) selon la revendi-
cation 10, comprenant en outre un ensemble de pa-
lier supérieur (700), dans lequel 'ensemble de palier
supérieur comprend :

un logement de palier supérieur (217, 703) qui
remplit sensiblement un trou dans la plaque su-
périeure (223) qui s’aligne avec l'axe vertical
central (230) du rotor (205) ;

un palier supérieur (701) qui s’accouple avec un
arbre supérieur, I'arbre supérieur étant couplé
au rotor (205) ; et

un capuchon de verrouillage de palier (705) au-
dessus du palier supérieur (701) qui maintient
le palier supérieur sur I'arbre supérieur et qui
repose sur le palier supérieur (701), exercant
ainsi une charge de poussée vers le bas sur le
palier supérieur (701) pendant le fonctionne-
ment du volant d’inertie.

Dispositif de volant d’inertie (100) selon la revendi-
cation 11, dans lequel le palier supérieur est un rou-
lement a contact oblique et est configuré pour s’op-
poseraune force exercée dans un sens descendant.

Dispositif de volant d’inertie (100) selon la revendi-
cation 11, dans lequel’ensemble de palier supérieur
(700) comprend en outre :

un palier de butée de secours (707), au-dessus
du capuchon de verrouillage de palier (705) pour
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absorber une charge de poussée vers le haut
dans le cas d’'un mouvement vertical inhabituel ;

et

un capuchon (709), au-dessus du palier de bu-

tée de secours (707), qui met en ceuvre I'étan- 5
chéité du haut de I'ensemble de palier supérieur
(700).

14. Dispositif de volant d’inertie (100) selon la revendi-
cation 1, dans lequel le mécanisme de levage est 10
fixé par vissage au logement de palier (209).
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